Fig. S14 XRD patterns of NMP-treated perovskites prepared from different methods. For the solid powder, the perovskites were dried and grinded (destroy the preferred orientation), and pressed on the glass substrate to form a plane for XRD characterization. For suspension cast film, the perovskites with alcohol were directly dried on glass substrate at room temperature and then used for XRD characterization. The lower (002) intensity of solid powder compared to suspension cast film (suspension cast film > solid powder > untreated sample) suggests both bulk hydroxylation and preferred orientation contribute to the large R002/110 of suspension cast film.
It is reasonable to use the relative intensity of R002/110 as a semi-quantitative index to evaluate the degree of hydroxylation for Ruddlesden-Popper type perovskites oxides. This was supported by the previously reported result that the hydroxylation of perovskites increases the intensities of the peaks corresponding to the planes of (00n) (n=2, 4, 6, 8, 10, 12 and 14), while remains unchanged intensities for the (110) plane (Chem. Mater., 2005, 17, 773). Although our XRD measurement with solid powder (no preferred orientation, Fig. S14 ) showed that the high (002) intensity was partially ascribed to the preferred (00n) orientation of suspension cast film (Fig. S14 ), this will not impair the validity of using R002/110 as the semi-quantitative index. The reason is that the preferred (00n) orientation was exactly induced by the surface hydroxyl groups (the product of hydroxylation). The hydroxyl groups induced preferred orientation is shown in Fig. S15 (c, d) . Similar preferred orientation was previously demonstrated for layered double hydroxides when they were dried from the suspension (J. Am. Chem. Soc., 2006, 128, 8376-8377). Higher content of surface hydroxyl groups would lead to higher degree of preferred orientation. In this sense, the R002/110 of suspension cast film reflects well on the degree of hydroxylation. S15a shows the crystal structures of dehydroxylated layered perovskites. The layers are linked by strong chemical bonding. When we consider the particle surface in the drying process, chemical bonding are hard to be formed between the particles and thus the particles cannot be stacked in order (Fig. S15c) .
In contrast, the layers in hydroxylated samples are linked by the hydrogen bonding between intercalated H2O molecules and OH groups. When we consider the particle surface in this drying process, the hydroxylated surface likely drive the particles to assemble in order, as shown in Fig. S15d . The ordered stacking resulted in the strong XRD peak of (00n), which corresponds to the hydroxylated layers. The different degree of surface hydroxylation might be ascribed to the different polarity of solvents. The solvent might have two effects on the perovskite surface: 1) affecting the contact between water molecules and perovskite oxide surface; 2) affecting the hydroxylation reaction between them. Normally, the surface of perovskites is moderately hydrophobic (J. Phys. Chem. C 2015, 119, 18504). Solvents with lower polarity than water (polarity index: 10.2) can facilitate the contact with perovskite oxide surface (hydrophobic), while the hydroxylation reaction might be restricted with extremely low polarity solvents due to the large polarity contrast between water and solvents. This is consistent with our result that an optimized catalytic activity was observed for the solvent with a medium polarity. 
